Introduction {#Sec1}
============

Malaria is caused by five species of single-celled eukaryotic *Plasmodium* parasites, *P. falciparum*, *P. ovale*, *P. malariae*, *P. vivax*, and *P. knowlesi*, all of which are transmitted by the bite of malaria-parasite-carrying female *Anopheles* mosquitoes^[@CR1],[@CR2]^. Malaria is a major public health problem of global importance and scientific interest around the world. Although the number of cases of malaria decreased by 25.9% from 2006 to 2016^[@CR3]^, an estimated 216 million cases^[@CR4]^ and 719,600 deaths occurred in 2016, and the disease was the sixth leading cause of life lost globally in 2016^[@CR3]^.

Malaria was widespread in China before 1949, when more than 30 million cases are estimated to have occurred annually, with an annual mortality rate of around 1%^[@CR5],[@CR6]^. In 1955, a national malaria control program was commenced and the disease declined dramatically, with only 2861 cases and no indigenous cases reported in 2017^[@CR7],[@CR8]^. However, malaria remains a serious public health challenge in China, because with growing overseas economic investment, the number of imported cases has increased substantially, and significant numbers of Chinese laborers now work abroad in malaria-endemic countries and then return home^[@CR9]^.

Shandong Province, which consists of 17 administrative municipalities, is located in Eastern China where malaria is receptive. Only vivax malaria is prevalent in this area, which is home to *A. sinensis*, the only local vector of human malaria. Based on extensive epidemiological surveys of Shandong Province^[@CR6],[@CR10]^, the malaria transmission season lasts from June to November (peaking in August--October). In the early 1960s and 1970s, Shandong Province experienced two large malaria outbreaks, with more than 6 million and 4 million cases of infection annually, respectively^[@CR11]^. Since then, comprehensive malaria intervention policies and strategies have been adopted, and the number of malaria cases has fallen sharply. By 1988, malaria was almost completely eliminated in Shandong Province, and the number of cases reported annually declined to fewer than 50 in 2000^[@CR12],[@CR13]^. To eliminate indigenous malaria by 2015 and completely eliminate it nationwide by 2020, the National Malaria Elimination Action Plan was implemented in Shandong Province in 2010, following a request by the National Population and Family Planning Commission of the People's Republic of China^[@CR12]^. Cases of indigenous malaria started to disappear by 2012^[@CR12]^. However, the number of cases of imported malaria has increased gradually, with 80 cases reported in 2010 and 97 cases in 2011. Naturally, this situation potentially threatens the success of the malaria-elimination program in Shandong Province, and little is known about the epidemiological characteristics of the imported malarial species. To understand and address this challenge, this study analyzed the epidemiological features of imported malaria in Shandong Province from 2012 to 2017, to provide useful data for the implementation of appropriate strategies and interventions to support the goal of malaria elimination in this region.

Methodology {#Sec2}
===========

Shandong Province is situated in east mainland China (34°22.9′--38°24.01′N, 114°47.5′--122°42.3′E) (Fig. [1](#Fig1){ref-type="fig"}), adjacent to Hebei, Henan, Anhui, and Jianggsu Provinces. In 2017, Shandong had a population of 100 million, residing in a land area of 157,126 km^[@CR2]^, and a warm temperate, monsoonal climate, with an annual average temperature of 12 °C and an annual average rainfall of 679.5 mm. The Shandong Provincial Institute of Parasitic Diseases is responsible for the control of malaria in the whole province. The measures taken in this period were the rapid detection and identification of all malarial infections and their appropriate treatment before any secondary infections or local transmission could occur^[@CR12]^. The program requires that cases of malaria be reported within 1 day and confirmed and investigated within 3 days, and that the appropriate responses to prevent local transmission be instituted within 7 days^[@CR14]^.Figure 1The location of Shandong Province in China.

Case definition {#Sec3}
---------------

Cases of malaria were defined as follows. (1) 'Laboratory-confirmed malaria' refers to patients with a positive result on one type of laboratory test, such as microscopy, rapid diagnostic test, or polymerase chain reaction (PCR). (2) 'Clinically diagnosed malaria' refers to patients with malaria-like signs and symptoms but no detectable parasites on a blood examination^[@CR15]^. Both types of cases were included in this study.

Case classification {#Sec4}
-------------------

According to the Technical Scheme of Malaria Elimination in China, 'indigenous malaria' is defined as malaria in a patients infected within the province in which the diagnosis was made. In contrast, 'imported malaria' is defined as malaria whose origin can be traced to an area of transmission outside the province where the diagnosis of malaria was made. The following criteria for imported malaria must be met simultaneously: (1) the patient has received a diagnosis of malaria; (2) the patient has a history of travel to a malaria-endemic area outside China during the malaria transmission season; and (3) the onset time for malaria was \<1 month after the patient's return to China during the local transmission season^[@CR16],[@CR17]^.

Data collection {#Sec5}
---------------

Our epidemiological study examined the status of malaria in Shandong Province from 2012 to 2017. Daily disease surveillance data on malaria were obtained from the online Infection Diseases Monitor Information System, which began to cover all Chinese counties in 2008^[@CR15]^. This information on the cases included sex, age, occupation, residential address, type of disease, date of onset, and date of confirmation.

Data analysis {#Sec6}
-------------

The descriptive analysis was conducted with Microsoft Excel and SPSS19 (SPSS, Chicago, IL, USA). The χ^2^ test was used to compare the data counts, and a *P* value of \<0.05 was considered statistically significant.

Ethics approval and consent to participate {#Sec7}
------------------------------------------

The experimental research reported in this study was performed with the approval of the Ethics Committee of the Shandong Provincial Institute of Parasitic Diseases. Human research was performed in compliance with the Declaration of Helsinki and its later amendments. All participants provided their written informed consent to participate in this study.

Results {#Sec8}
=======

General epidemiological characteristics of malaria {#Sec9}
--------------------------------------------------

A total of 1053 cases of imported malaria, including five deaths, were reported in Shandong Province from 2012 to 2017, of which 15 were transmitted in other provinces and 1038 were contracted abroad. All cases were diagnosed by the lab-confirmed. From 2010 to 2017, 817 cases of P. falciparum malaria were reported, which accounted for 77.6% of the total number of cases; 115 P. vivax malaria cases accounted for 10.9% of the total number of cases; 31 P. ovale malaria cases accounted for 2.9%; 86 P. malariae cases accounted for 8.2%; and 4 mixed infection malaria cases accounted for 0.4% (Table [1](#Tab1){ref-type="table"}).Table 1Species type distribution of imported malaria parasites in Shandong Province from 2012 to 2017.year*P. falciparumP. vivaxP. ovaleP. malariae*Mixed infectiontotal casesdeath casescases(%)cases(%)cases(%)cases(%)cases(%)20126772.042122.5800.0033.2322.15930201311688.5575.3443.0543.0500.001310201412180.671610.67426796.0000.001503201516477.36219.9194.25188.49002122201619676.562810.9483.12228.5920.782560201715372.512210.4362.843014.22002110Total81777.5911510.92312.94868.1740.3810535

Cases of imported malaria were recorded in all 17 cities of Shandong Province in 2012--2017 (Fig. [2](#Fig2){ref-type="fig"}). However, this 6-year analysis showed that most of these cases were recorded in the cities of Taian, Jining, Yantai, Weihai, Qingdao, and Jinan, which reported 182, 146, 123, 122 89, and 82 cases of malaria, respectively, accounting for 70.7% of the total cases (Table [2](#Tab2){ref-type="table"}).Figure 2Geographical distribution of malaria cases in Shandong province from 2012 to 2017.Table 2Number of malaria cases in Shandong Province from 2012 to 2017, by city \[n\].Cities201220132014201520162017TotalJining301414253132146Jinan101597241782Weihai141913252328122Yantai61912203333123Taian72940444121182Qingdao11121016202089Rizhao6931214953Heze13111522254Weifang24833727Zibo20629423Zaozhuang02628119Dezhou109192242Laiwu14224114Linyi1051891043Liaocheng110160220Bingzhou0012508Dongying0012126Total931311502122562111053

From 2012 to 2017, 1035 male and 18 female patients were diagnosed with malaria, accounting for 96.8% and 3.2% of the total cases, respectively, and the male-to-female ratio was 57.5:1 (1035:18), with similar distributions across all age groups (χ^2^ = 8.39, *P* \> 0.05) (Table [3](#Tab3){ref-type="table"}). Nine hundred nineteen (87.3%) cases occurred in people aged 21--50 years, of which 97.9% were male and 2.1% female. Only two children were infected among all the cases. Of all the cases, 77.2% (813/1053) involved migrant laborers, 6.6% (69/1053) were workers, 5.5% (58/1053) were businessmen, and 10.7% (113/1053) involved other professions (e.g., fishermen, teachers, drivers, and translators) (Table [3](#Tab3){ref-type="table"}).Table 3Demographic characteristics of malaria cases in Shandong Province, 2010--2017.Variables201220132014201520162017TotalMale921301382122552081035Female111201318≤20111120621--3018182352513119331--4043536859998440641--50265245969890407≥51571346641Businessmen810101312558Workers6881492469Overseas laborers6998107155216168813Farmers0203218Students1011407Children0100102Others\*9122426121396Total931311502122562111053\*Others include fishermen, teachers, drivers, translators, for example.

In terms of the seasonal distribution of imported malaria in 2012--2017, cases were reported in every month, but weak peaks were observed in May--July. The highest proportion of cases of imported malaria occurred in June each year in the period 2012--2017, when 117 malaria cases accounted for 11.1% of the total number of cases. The lowest monthly incidence (5.7%) of malaria occurred in February during 2012--2017 (Fig. [3](#Fig3){ref-type="fig"}). However, the numbers of cases that occurred in the different months were similar in 2012--2017 (χ^2^ = 8.375, *P* \> 0.05).Figure 3Monthly distribution of imported malaria in Shandong Province from 2012 to 2017.

The sources of the 1053 cases of imported malaria were countries outside China. Of these 1053 foreign cases, 984 were from 18 countries and regions in Africa (accounting for 93.4% of the total foreign imported cases), 62 were from eight countries and regions in Asia (accounting for 5.9% of the total foreign imported cases), and only six cases were from countries on other continents (Table [4](#Tab4){ref-type="table"}). Equatorial Guinea, Angola, and Nigeria were the dominant sources of imported malaria, accounting for 20.76%, 15.40%, and 10.26% of the total cases, respectively.Table 4Reported source of imported malaria in Shandong Province, 2012--2017.CountryPlasmodium speciesTotal*Plasmodium falciparumPlasmodium vivaxPlasmodium ovalePlasmodium malariae*Mixed infectionAfricaEquatorial Guinea202215160984Angola14815680Nigeria9962100Ghana725291Libya626250Congo576330Guinea234150Tanzania233121Cameroon134120Sudan195150Other African countries846460AsiaPalestine3903062Indonesia311020Myanmar34030India12011Cambodia21030Bhutan12011Other Asian countries21020OceaniaPapua New Guinea031004South AmericaVenezuela012003Total817115318641053

Discussion {#Sec10}
==========

In this study, the longitudinal surveillance data of imported malaria in Shandong Province, China from 2012 to 2017 was analyzed to identify the epidemiological characteristics. Four main epidemiological characteristics were observed. Firstly, the most cases of imported malaria were concentrated in the cities of Taian, Jining, Weihai, Yantai, Qingdao, and Heze. Secondly, most cases of imported malaria were migrant workers and mostly were adult men aged 21--50 years. Thirdly, no seasonal differences were observed in the imported malaria cases. Fourthly, falciparum malaria was dominant species among the cases of imported malaria and most of these cases were originatein Africa. The pattern of imported malaria was associated with the transmission intensity in the locations visited by the patients, the number of travelers to each endemic area, the demographic and ethnic backgrounds of the travelers, the activities undertaken during their trips, the type of accommodation they used, and their adherence to prophylaxis^[@CR17]^.

Historically, *P. vivax* is the only malarial parasite transmitted by *A. sinensis*, and this parasite caused a very serious endemic in Shandong Province. The prevalence of malaria has declined significantly with the implementation of high-level coverage of antimalarial interventions in this province, including mass drug administration, the distribution of insecticide-treated mosquito nets, and indoor insecticide spraying^[@CR6]^ and the province has been in the malaria-elimination phase of its control program since 1988. Consequently, the number of cases of locally transmitted malaria declined dramatically, and disappeared after 2012. The absence of local malaria was achieved by implementing the national malaria elimination program and by continuous investments from international and domestic funding bodies to support the diagnosis and treatment of malaria, indoor residual mosquito spraying, and the distribution of insecticidal bed nets^[@CR18]^. Another factor that supported the control of malaria was the cooperation between Shandong and four other provinces (Jiangsu, Hubei, Henan, and Anhui) since 1974, which also contributed to the elimination of local malaria. The cooperative malaria control strategies included the application of unified measures, the regular exchange of experience and information, and the annual inspection and monitoring of malaria^[@CR19]^.

As seen in other studies^[@CR16],[@CR20]^, imported malaria accounted for most cases in this study and *P. falciparum* was the predominant species in these cases, during the elimination stage of the program. The majority of imported cases in Shandong Province originated in African countries where malaria is endemic and *P. falciparum* is the main parasitic species in humans^[@CR21],[@CR22]^. However, because *P. vivax* is the only epidemic malarial species occurring in humans in Shandong Province, the medical staff in this province lack the knowledge required to prevent and treat falciparum malaria. Therefore, the education and training of staff must be strengthened in this area.

During the malaria-elimination stage in the control program, imported malaria has become a key public health challenge in Shandong Province and heightened the status of malaria in our country^[@CR18]^. The elimination strategy at this stage of the program is mainly concerned with the detection, investigation, and reduction of malaria cases and their foci. The '1--3--7' strategy has been implemented to ensure the effective detection,confirmation of cases and proper case classification and treatment, which is specifically focusing on investigation and action^[@CR14]^ to ensure that the cases of imported malaria are not transmitted to local people. Strengthening the prevention, detection, and management of imported malaria requires the cooperation of public health officials, healthcare workers, immigration and quarantine services, the commercial sector, and the police^[@CR22]^.

It has been reported that severe cases of malaria have been associated with the failure of medical staff to recognize the disease in its early stage^[@CR23]^. Therefore, the early recognition, diagnosis, and treatment of imported malaria should be prioritized^[@CR24]^, and healthcare workers should be aware of the need for the rapid diagnosis and treatment of imported cases, particularly those returning in Africa. However, healthcare workers lack the skills required to detect imported malaria and require better training on the current situation of malaria in China^[@CR25]^.

Although imported malaria was reported the whole territory of Shandong Province between 2010 and 2017, most cases were reported in the several cities. This is consistent with other reports that although cases of imported malaria are scattered across various regions, they are also relatively concentrated in some areas^[@CR13]^. The high frequency of travel and trade in these cities may be a contributing factor^[@CR26]^. This is also consistent with the fact that the incidence of rural migrant workers is significantly higher in these areas than in other areas. One study reported that the proportion of businessmen infected with malarial parasites was higher among imported cases^[@CR26]^, suggesting that as the mobility of the population increases in concert with increased economic development, we must strengthen the monitoring of this section of the mobile population.

Several epidemiological studies have reported that males and people aged 21--50 years were predominant among the cases of imported malaria^[@CR13],[@CR26],[@CR27]^, and the findings of our study support this finding. Specifically, our analysis of the age, sex, and occupation distributions showed that males aged 21--50 years were the predominantly affected group in Shandong Province in 2012--2017. A possible explanation for the large number of nonimmune male adults in the 21--50 age is that they travel or migrate to malaria-endemic areas for work more likely. In Shandong Province, rural migrant workers accountted for a large proportion of overseas laborers. Many overseas laborers work in high-risk environments, such as natural forests, palm oil or rubber plantations, and fish farms^[@CR28]^, and lack any awareness of the risk of malaria and the personal protection required against it^[@CR29]^. This increases the risk of infection with malarial parasites. To improve their knowledge of the prevention and treatment of malaria, occupational protection measures should be implemented and strengthened to reduce the risk of malarial infection among overseas laborers^[@CR30]^.

Lai *et al*. reported that small peaks of imported malaria occurred in January and February in China^[@CR31]^. A possible reason for this is that overseas laborers return to China to celebrate the Chinese New Year holiday in these months. However, our analysis of the seasonal fluctuations in imported malaria did not include these two weak peaks, but only a single peak in May--July observed. This peak may be owing to the return to China of workers from overseas countries to engage in agricultural work during May--September^[@CR32],[@CR33]^. Although the distribution of imported malaria fluctuated seasonally, the number of cases was similar in every month. This suggests that the medical staff not only attended returning workers in the peak period but also in other months.

The current results suggest that the "1--3--7" malaria epidemic management model needs to be rigidly followed in Shandong Province to enhance the management of the epidemic and the investigation and eradication strategies associated with the epidemic needs to be standardized, such as enhancing health education before people leave the region and border screening for malaria when people enter the region. Additionally, the early exact detection of malaria and opportunely clinical treatment play a pivotal role in decreasing malaria morbidity and mortality, postponing Chem Resistant and improving malaria control, so it is important to ensure prevailing diagnostic detecting procedures for all doubted malaria cases.

Our study also had several limitations. Firstly, the number of patients diagnosed with malaria may have been underestimated because people with malaria may not always seek medical treatment. Secondly, cases of imported malaria may have been misdiagnosed in malaria-free or hard-to-reach areas, even though individual Chinese case-based malaria surveillance systems operated well during the malaria-elimination stage of the control program^[@CR18]^. Thirdly, because the reporting system was based on passive surveillance, the quality of the reported data may have been affected by the detection capacity, the reporting methodology, and/or the accessibility and availability of healthcare facilities.

Conclusions {#Sec11}
===========

In summary, imported malaria has become a challenge to malaria elimination in Shandong Province, China. An effective malaria management and control system for the migrant population is a necessary strategy for detecting cases of imported malaria. The Ministry of Tourism, labor service companies, entry--exit inspectors, and the Department of Health must cooperate to strengthen malaria monitoring and the screening of laborers and travelers arriving from malaria-endemic areas. Medical laboratory staff should also receive better training in the diagnosis and detection of imported malaria. Finally, better information on malaria prevention and treatment should be provided to people in China who visit malaria-endemic regions of the world.
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